cently, it has been demonstrated that uncoupling protein-1 (UCP1)-expressing white adipocytes (brown-like adipocytes) are important for energy expenditure in white adipose tissue (WAT), in which energy expenditure decreases under obese conditions. However, the relationship between the induction of brown-like adipocytes and the decrease in energy expenditure in obese WAT remains to be elucidated. Here, we show that proinflammatory cytokines derived from activated macrophages suppress the induction of UCP1 promoter activity and mRNA expression via an extracellular signal-related kinase (ERK) in white adipocytes. The coculture with RAW264.7 (RAW) macrophages suppressed the induction of UCP1 mRNA expression by isoproterenol (ISO), a typical ␤-adrenergic receptor agonist, in C3H10T1/2 (10T1/2) adipocytes. A conditioned medium derived from lipopolysaccharide (LPS)-activated macrophages and tumor necrosis factor-␣ (TNF-␣) also suppressed the induction of UCP1 mRNA but did not affect its mRNA stability. By using a luciferase reporter assay system, the conditioned medium and TNF-␣ also suppressed the activity of the UCP1 promoter and transcriptional factors binding to the cAMP response element (CRE). Importantly, PD98059, an ERK inhibitor, partially abrogated the suppression of UCP1 promoter activation and mRNA induction. These results indicate that ERK is an important factor in the suppression of UCP1 transcriptional activation in the interaction between white adipocytes and activated macrophages. This report suggests a possible mechanism of the UCP1 transcriptional suppression in white adipocytes associated with obese and diabetic conditions. TNF-␣; CRE; promoter activity; ERK; inflammation ADAPTIVE THERMOGENESIS is a physiological process whereby energy is dissipated in the form of heat in response to external stimuli such as cold (29). It occurs primarily in brown adipose tissue (BAT). Active BAT consumes lipids to dissipate chemical energy for protection against hypothermia. This physiological response is mediated by mitochondrial uncoupling protein-1 (UCP1) in BAT. UCP1 generates heat by the uncoupling of oxidative phosphorylation, that is, by leaking protons across the mitochondrial inner membrane without ATP production, resulting in the release of chemical energy as heat (30).
Recent data have indicated that adult humans contain significant deposits of UCP1-expressing adipocytes that can be detected by positron emission tomography (PET)-scanning methods, particularly in the supraclavicular and neck region (10, 39, 40) and that the suppression of their activation is associated with the accumulation of body fat with age (31, 44) . BAT activation in animals is associated with the suppression of weight gain and a healthy phenotype (3, 6, 8, 13, 18) . In contrast, the loss of BAT function leads to obesity and metabolic diseases (11, 20) . Many studies have demonstrated that changes in BAT activity can profoundly affect glucose and lipid metabolism and body weight.
There are two distinct types of brown adipocytes: classical brown adipocytes that arise from muscle-like type progenitors (33) , and UCP1-expressing, brown-like adipocytes that emerge in most white adipose tissue (WAT) under certain physiological and pharmacological conditions (2, 9, 12, 24) . Notably, brown-like adipocytes increase oxygen consumption rate (OCR) in response to norepinephrine stimulation (26) and are abundant in an obesityresistant strain of mice (1, 13) . In addition, the emergence of this type of cell in WAT correlates with improved insulin sensitivity (6, 34) . These reports suggest a crucial role of brown-like adipocytes in the regulation of energy metabolism.
Energy expenditure decreases in obese WAT (7, 41, 42) . However, there is little knowledge about the relationship between the reduction in energy expenditure and the induction of brown-like adipocytes in WAT. In obese WAT, chronic inflammation occurs, leading to metabolic disorders (14, 16) . Macrophages infiltrate WAT via monocyte chemoattractant protein-1 (MCP-1), which is released from hypertrophied adipocytes in obese WAT. The infiltrated macrophages are activated by free fatty acid (FFA) released by the hypertrophied adipocytes, resulting in the secretion of a variety of proinflammatory cytokines such as tumor necrosis factor-␣ (TNF-␣; 36, 43) . We postulated that these proinflammatory cytokines derived from the activated macrophages are one of the inhibitory factors for the induction of brown-like adipocytes, particularly the induction of UCP1 expression in WAT, leading to a decrease in energy expenditure in obese WAT.
In this study, we investigated whether proinflammatory cytokines derived from activated-macrophages can suppress UCP1 mRNA induction in C3H10T1/2 (10T1/2) adipocytes. 1 cells were used as a model of brown-like adipocytes, in which UCP1 mRNA is induced by isoproterenol (ISO), a typical ␤-adrenergic receptor (␤-AR) agonist. The stimulation of coculture with RAW264.7 (RAW) macrophages or treatment with a conditioned medium from lipopolysaccharide (LPS)-activated RAW macrophages suppressed UCP1 promoter activation and mRNA induction but did not affect its mRNA stability in 10T1/2 adipocytes. In addition, treatment with conditioned medium and TNF-␣, a proinflammatory cytokine, partially suppressed the activation and induction via an extracellular signal-related kinase (ERK)-mediated pathway. These results suggest that the suppression of UCP1 expression in obese WAT is due to inflammation and partially to TNF-␣ derived from activated macrophages.
MATERIALS AND METHODS
Chemicals and cell culture. (Ϫ)ϪIsoproterenol hydrochloride (ISO) and LPS were purchased from Sigma (St. Louis, MO). TNF-␣ was purchased from Peprotech (Rocky Hill, NJ). PD98059 was purchased from Calbiochem (San Diego, CA). Forskolin from Coleus forskohlii (FSK) and actinomycin D were purchased from Nacalai Tesque (Kyoto, Japan). C3H10T1/2 (10T1/2) (Dainippon Sumitomo Pharma, Osaka, Japan), RAW264.7 macrophages (RAW) (RIKEN BioResource Center, Tsukuba, Japan) were cultured in DMEM with 10% FBS, 100 U/ml penicillin, and 100 g/ml streptomycin (Gibco BRL) at 37°C under a humidified 5% CO 2 atmosphere, as previously described (37) . The differentiation of 10T1/2 precursors, a mouse mesenchymal stem cell line, was induced by treatment with adipogenic agents (0.5 mM 3-isobutyl-1-methylxanthine, 0.25 M dexamethasone, 10 g/ml insulin, and 1 M troglitazone) in DMEM containing 10% FBS for 2 days after the cells reached confluence (day 0). Then, the medium was replaced with DMEM containing 10% FBS and 5 g/ml insulin every 2 days.
Then, the cells were serum-starved and maintained in the absence or presence of TNF-␣ at the indicated concentrations for different time periods as indicated. After that, the cells were cultured with or without ISO (10 M). To inhibit ERK, cells were treated with the MEK1 inhibitor PD98059 at 20 M.
Adipocytes and macrophages were cocultured in a contact system as previously described (15) . In brief, RAW macrophages (5 ϫ 10 5 cells/ml) were plated onto dishes with serum-starved 10T1/2 adipocytes. After 16 h, the coculture was incubated in serum-free DMEM with or without ISO at 10 M for 8 h. As the control, adipocytes and macrophages, the numbers of which were equal to those in the contact system, were cultured separately and mixed after harvest. RAW macrophages were cultured with or without DMEM containing 5 g/ml LPS for 12 h and then, in serum-free DMEM for 24 h. Both media were collected as the control conditioned medium (Cont-CM) and LPS-conditioned medium (LPS-CM), respectively, and stored at Ϫ20°C until use, as previously described (15) . Then, 10T1/2 adipocytes were pretreated with each conditioned medium for 16 h. After that, the cells were cultured with or without ISO (10 M) for 8 h. To neutralize TNF-␣ in the LPS-CM, aliquots of LPS-CM were preincubated at 37°C for 60 min with 10 g/ml neutralizing antibody against TNF-␣ (eBioscience, San Diego, CA; TN3-19, 10 g/ml or the same concentration of isotype control). Then, 10T1/2 adipocytes were incubated in the resultant media for 16 h before ISO treatment (10 M) for 8 h.
RNA preparation and quantification of gene expression. Total RNA was prepared from cultured cells using Sepasol (R)-RNA I Super (Nacalai Tesuque) in accordance with the manufacturer's protocol. Total RNA was reverse-transcribed using M-MLV reverse transcriptase (Promega, WI) in accordance with the manufacturer's instructions using a thermal cycler (Takara PCR Thermal Cycler SP, Takara, Shiga, Japan). To quantify mRNA expression, real-time RT-PCR was performed with a LightCycler System (Roche Diagnostics, Mannheim, Germany) using SYBR Green fluorescence signals as described previously (37) . The oligonucleotide primers were designed using a PCR primer selection program in the website of the Virtual Genomic Center from the GenBank database. The primers used for measuring mRNA expression levels of genes (upstream and downstream, respectively) were ACTGCCACACCTCCAGTCATT and CTTTGCCT-CACTCAGGATTGG for mouse UCP1 mRNA; CCCTGCCATTGT-TAAGACC and TGCTGCTGTTCCTGTTTTC for mouse PPAR␥ coactivator-1␣ (PGC1␣) mRNA; AGCCCATGTAACCAGCACC-GGA and CAGTCGCAC TGGCTCAGGAC for mouse type II iodothyronine deiodinase (Dio2) mRNA; TGTGTGTCTGCAGATCG-GGTAC and CTTTGGCGGGATTAGTCGAAG for mouse 36B4 mRNA. To compare mRNA expression levels among the samples, the copy numbers of all transcripts were divided by that of mouse 36B4 showing a constant expression level in adipocytes. All mRNA expression levels are represented as a ratio relative to that of the control in each experiment. The mRNA expression level of 36B4 was stable under all conditions in 10T1/2 adipocytes. mRNA stability assay. The half-life of UCP1 mRNA was determined by treating 10T1/2 adipocytes with actinomycin D to block transcription. 10T1/2 adipocytes were cultured under ISO for 8 h, and then serum-starved DMEM, Cont-CM, and LPS-CM with actinomycin D (10 g/ml) were added. Under these conditions, the cells were cultured for 3 and 6 h, total RNA was prepared, and real-time PCR was performed to quantify the amounts of UCP1 mRNA and 36B4 mRNA at each time point. The amount of UCP1 mRNA was corrected using the amount of 36B4 mRNA.
Plasmids and luciferase assay. The 3.8-kb portion of the 5=-flanking region of the mouse UCP1 gene was obtained by PCR amplification using primers with a restriction enzyme site [forward primer with Xho I, 5=-CCGCTCGAGCGGTCCATTGGCCTCA-AACCCTATGAG (the new Xho I site is underlined); reverse primer with BamHI 5=-CGGGATCCCGAGGCGTGAGTGCAAGAACA-AAAGG (the new BamHI site is underlined)]. The luciferase reporter plasmid tk-LUC, which contains the Herpes simplex virus thymidine kinase (HSV-TK) promoter downstream of a multiple cloning site, was a gift from Dr. Yasutomi Kamei (Tokyo Medical and Dental University). The PCR product was digested with BamHI and Xho I and then ligated into the Sal I/BamHI sites of tk-LUC. We named the plasmids containing the mouse UCP1 promoter "pUCP1-proLuc". The pCRE-TK-luciferase reporter plasmid (pCRE-Luc) was a kind gift from Dr. Yasutomi Kamei. The cloned RAW macrophages with the green fluorescence protein (GFP) reporter plasmids containing the mouse TNF-␣ promoter (TNF-␣-pro-GFP/ RAW) were previously described (32) . We changed the FP reporter gene GFP to DD-tdTomato in the reporter plasmid and established the cloned RAW macrophages with the plasmid, which was named TNF-␣-pro-DD-tdTomato/RAW. The detection and quantification of the FP signals were previously described (32) . Undifferentiated 10T1/2 cells were transfected with plasmids using LipofectAMINE reagent (Invitrogen) in accordance with the manufacturer's instructions. In the luciferase assay, pUCP1-pro-Luc (5 g/dish) or pCRE-Luc (5 g/dish) and pRL-CMV (50 ng/dish) were transfected into undifferentiated 10T1/2 cells cultured on 10-cm culture dishes. Four hours after the transfection, the transfected cells were cultured on 96-well tissue plates. The cells were pretreated with TNF-␣ or Cont-or LPS-CM and then the cells were incubated with FSK at 20 M or ISO at 10 M for 8 h. The cells were lysed for luciferase assay performed using a Dual-Luciferase Reporter Gene Assay system (Promega) in accordance with the manufacturer's protocol.
Measurement of inflammatory mediators. The amount of nitric oxide (NO) released was measured using Griess reagent, as previously described (15) . In brief, 100 l of supernatant were mixed with an equal volume of Griess reagent [1:1 (vol/vol) composed of 0.1% N-1-naphthyl-ethylenediamine in distilled water and 1% sulfanilamide in 5% phosphoric acid] on a 96-well flat-bottom plate. The absorbance at 550 nm was measured after 10 min (using a microplate reader; Bio-Rad). The amount of NO was calculated from a standard curve plotted using known concentrations of NaNO 2.
Immunoblotting. Total cellular proteins were solubilized in lysis buffer [50 mM Tris·HCl, 150 mM NaCl, 1% Triton X-100, 0.5% deoxycholate, 0.1% SDS (pH 7.4), and a protease inhibitor cocktail]. The protein concentration of the samples was determined using a protein assay kit (Bio-Rad). Protein samples (45 g) were subjected to SDS-PAGE on a 10% gel. Separated proteins were transferred electrophoretically to PVDF membranes (Millipore), which were blocked with 5% nonfat dried milk in phosphate-buffered saline. The membranes were incubated with antibodies to anti-p44/42 MAPK (ERK1/2) (Cell Signaling Technology), anti-phospho-p44/42 MAPK (ERK1/2) (Cell Signaling Technology) and then with peroxidaseconjugated anti-mouse and anti-rabbit IgG antibodies (Santa Cruz), respectively. Proteins were detected using an ECL Western blotting detection system (GE Healthcare).
Statistical analyses. Means of two groups were compared by Student's t-test. To compare means of several groups, one-way ANOVA analysis of variance was used, followed by Tukey-Kramer's multiple-comparison test. The data are expressed as means Ϯ SE. Differences were considered statistically significant at P Ͻ 0.05. The 
RESULTS
Coculture with and conditioned medium derived from RAW macrophages suppressed the increase in the level of UCP1 mRNA expression induced by ISO in 10T1/2 adipocytes. To determine the effects of inflammation in obese WAT on the mRNA expression level of UCP1 in white adipocytes, a coculture system of 10T1/2 adipocytes and RAW macrophages was used. As shown in Fig. 1A, 8 h after treatment with ISO, mRNA expression levels of UCP1 significantly increased in 10T1/2 adipocytes. However, coculture with RAW macrophages for 16 h suppressed the increase by 70.5%.
To exclude the possible involvement of cell-to-cell contact in the suppression of UCP1 mRNA induction, we used a conditioned medium (CM) derived from LPS-activated RAW macrophages. Eight hours after the ISO treatment together with the control CM derived from nonactivated RAW macrophages (Cont-CM), there was no effect on the induction of UCP1 mRNA. However, CM derived from LPS-activated RAW macrophages (LPS-CM) significantly suppressed the induction by 77% (Fig. 1B) . NO production, a general inflammation indicator, was increased by the coculture and in the LPS-CM, indicating that the experimental conditions were sufficient to induce inflammation (Figs. 1, C and D) . These findings suggest that proinflammatory cytokines derived from activated macrophages suppressed the ISO-dependent induction of UCP1 mRNA in 10T1/2 adipocytes.
Inflammation suppressed the activation of the UCP1 promoter in 10T1/2 adipocytes. To examine the activity of the UCP1 promoter under inflammatory condition, we measured the activity of a 3.8-kb mouse UCP1 promoter using luciferase assay. Forskolin (FSK), which directly increases intracellular cAMP amounts, increased the luciferase activity of a reporter plasmid (pUCP1-pro-Luc). The increase was suppressed by treatment with LPS-CM but not with Cont-CM ( Fig. 2A) . Under the same conditions, the activity of transcriptional factors binding to the cAMP response element (CRE) such as the CRE binding protein (CREB) and activating transcription factor-2 (ATF2) was also suppressed by the LPS-CM treatment (Fig. 2B) ; these are downstream transcriptional factors following the increase in intracellular cAMP amounts, leading to the activation of the UCP1 promoter (5). To determine whether the change in UCP1 mRNA expression levels is due to transcriptional regulation, we examined the degradation of UCP1 mRNA under inflammatory conditions. 10T1/2 adipocytes were treated with actinomycin D, a blocker of mRNA synthesis, in serum-free DMEM, Cont-CM, or LPS-CM after ISO stimulation. The amount of UCP1 mRNA thereafter was measured by a real-time PCR technique. We detected no significant difference between the half-lives of UCP1 mRNA in 10T1/2 adipocytes incubated in any medium for 3 and 6 h after ISO stimulation (Fig. 2C) . These data strongly suggest that the activity of the UCP1 promoter is suppressed by inflammatory conditions in 10T1/2 adipocytes.
TNF-␣ was involved in the suppression of UCP1 promoter activity. In the inflammation suppressing the induction of UCP1 mRNA expression, we focused on TNF-␣, which is involved in metabolic disorders including insulin resistance and atherosclerosis due to inflammation in obese WAT (14) . As shown in Fig. 3A , neutralizing antibodies against TNF-␣ partially suppressed the inhibitory effects of LPS-CM on UCP1 mRNA induction. In addition, the reporter fluorescence protein expression driven by the mouse TNF-␣ promoter was induced by LPS treatment in RAW macrophages (Fig. 3, B-D) . Similar to the LPS treatment, the coculture induced the reporter expression, suggesting that these stimulations increase TNF-␣ promoter activity in RAW macrophages (Fig. 3E) . The protein levels of TNF-␣ in the medium were increased by both the LPS stimulation and the coculture (Fig. 3, F and G) . These results indicate that LPS stimulation and coculture increase the expression levels of TNF-␣ in RAW macrophages, suggesting a possibility that TNF-␣ is involved in the inhibitory effects of LPS-CM on UCP1 mRNA induction, although the involvement is partial.
To examine the TNF-␣ effects on mRNA expression levels of UCP1 induced by ISO, we treated 10T1/2 adipocytes with TNF-␣ at various preincubation periods in combination with a constant-period ISO and TNF-␣ treatment (8 h). The mRNA expression of UCP1 induced by ISO was suppressed in a preincubation time-dependent manner (Fig. 4A) . The simultaneous treatment with ISO and TNF-␣ as well as the TNF-␣ addition 4 h before the ISO treatment (12-h TNF-␣ treatment) did not suppress mRNA induction of UCP1. However, TNF-␣ addition 12 h before (20-h TNF-␣ treatment) significantly suppressed mRNA expression by 82.8%.
Then, to examine details of the TNF-␣ effects on UCP1 mRNA suppression, we treated 10T1/2 adipocytes with TNF-␣ at various concentrations for 20 h (pretreatment with TNF-␣, 12 h; treatment with ISO and TNF-␣ 8 h). The TNF-␣ treatment suppressed mRNA induction of UCP1 in a dose-dependent manner (Fig. 4B) . The induction of UCP1 was significantly suppressed at 5 ng/ml TNF-␣. According to the TNF-␣ concentration-response curve for the suppression of the UCP1 mRNA induction (Fig. 4C) , the IC 50 of TNF-␣ was 9.2 ng/ml. These data indicate that, at least, TNF-␣ is involved in the suppression of the UCP1 mRNA induction in 10T1/2 adipocytes. The mRNA expression levels of cAMP-induced genes such as PGC1␣ and Dio2 were not suppressed by TNF-␣ treatment (data not shown). Therefore, it is likely that the suppressive effects of TNF-␣ are specific in the UCP1 mRNA induction. ERK activation induced by TNF-␣ mediated the suppression of UCP1 mRNA induction. We elucidated signaling events by which TNF-␣ suppresses the induction of UCP1 mRNA expression. Proinflammatory cytokines activate MAPKs such as ERKs, c-Jun NH 2 -terminal kinase (JNK), and p38MAPK, leading to multiple signal transductions in adipocytes (4, 14) . Moreover, ERK activation downregulates UCP1 expression in brown adipocytes (38) . Western blot analysis using phosphospecific antibodies revealed that ERK phosphorylation was enhanced within 15 min of the treatment of 10T1/2 adipocytes with 10 ng/ml TNF-␣, as shown in Fig. 5A . This TNF-␣-induced activation was prevented by the treatment with an ERK inhibitor, PD98059 (Fig. 5B) . The ISO treatment also enhanced ERK phosphorylation, and the activation was prevented by the PD98059 treatment in 10T1/2 adipocytes (Fig. 5,  C and D) . The PD98059 treatment with TNF-␣ increased the ISO-induced UCP1 mRNA expression, compared with the induction in TNF-␣-treated 10T1/2 adipocytes, although single PD treatment also enhanced the ISO-induced UCP1 mRNA expression (Fig. 5E ). To determine whether ERK is involved in the regulation of the UCP1 promoter by TNF-␣, we performed transient transfection experiments in undifferentiated 10T1/2 cells with pUCP1-pro-Luc. The TNF-␣ treatment suppressed the ISO-dependent activation of the UCP1 promoter and the suppression was abrogated by PD98059 treatment, although PD98059 treatment did not significantly increase the ISOinduced UCP1 promoter activation (Fig. 6A) . A similar effect of PD98059 was observed in the FSK-induced activation of the UCP1 promoter (data not shown). Under the same conditions, the suppression of activities in CRE binding transcriptional factors by TNF-␣ was partially also abrogated by PD98059 treatment (Fig. 6B) . Finally, to investigate the involvement of ERK in the suppression of UCP1 mRNA induction, we incubated 10T1/2 adipocytes in LPS-CM with PD98059 and then measured the mRNA expression level of UCP1 induced by ISO. As shown in Fig. 6C , LPS-CM treatment enhanced ERK phosphorylation and the activation was prevented by PD98059 treatment in 10T1/2 adipocytes. The PD98059 treatment with LPS-CM increased the ISO-induced UCP1 mRNA expression, compared with the induction in LPS-CM-treated 10T1/2 adipocytes, although single PD treatment also increased ISOinduced UCP1 mRNA expression (Fig. 6D) . Together, these data strongly suggest that ERK activation suppresses the induction of UCP1 mRNA expression and that TNF-␣-induced ERK activation is partially involved in the suppression of UCP1 mRNA induction.
DISCUSSION
In the present study, we established an experimental system for evaluating mouse UCP1 promoter activity and its mRNA expression in differentiated 10T1/2 adipocytes. The brown-like adipocytes emerge in most WAT upon prolonged cold exposure in vivo (2, 9, 12, 24) . In the in vivo experimental systems, it is difficult to identify which factors are important for the induction of UCP1 expression in white adipocytes, because cold exposure increases many factors such as the growth of blood vessels (19) and sympathetic nerve fibers in WAT (22) .
On the other hand, in vitro systems have revealed the molecular mechanisms of UCP1 expression in white adipocytes. The experimental system we used in this study may be useful for elucidating the mechanisms of transcriptional regulation of UCP1 induction. However, we could not detect the protein expression of UCP1 in 10T1/2 adipocytes. That might be because the expression levels of PRD1-BF1-RIZ1 homologous-domain-containing protein 16 (PRDM16), which is an important factor for UCP1 expression, are lower in 10T1/2 adipocytes than immortalized BAT cell lines (35) . Further improvements are required to detect UCP1 protein expression in 10T1/2 adipocytes or other cell lines.
In the present study, we showed that humoral factors derived from LPS-activated RAW macrophages suppress the induction of UCP1 mRNA in 10T1/2 adipocytes. Moreover, we also demonstrated that LPS stimulation and coculture with 10T1/2 adipocytes increased TNF-␣ production from RAW macrophages and that the suppression of UCP1 mRNA induction by LPS-CM was partially mediated by TNF-␣. Under severe obese conditions, macrophages infiltrate WAT and are activated by chemokines and FFA derived from hypertrophied adipocytes. The activated macrophages then secrete various proinflammatory cytokines such as TNF-␣ (36, 43) . TNF-␣ has been indicated to be a potent inhibitor of insulin-induced adipocyte-specific gene expression in white adipocytes (14) . Some of these TNF-␣ effects have been due to the impairment of insulin signals, leading to insulin resistance in adipocytes (14) . Our results suggest that proinflammatory cytokines including TNF-␣ derived from activated macrophages suppress the induction of UCP1 mRNA expression, leading to energy expenditure in white adipocytes. A major cell type that produces proinflammatory cytokines in obese adipose tissue is macrophages, but hypertrophied adipocytes also produce proinflammatory cytokines (36) . Therefore, the proinflammatory cytokines derived from these adipocytes could suppress the inductions of UCP1 expression in vivo. Under healthy obese conditions induced by a short-term, 2-days of high fat diet (HFD) feeding, the UCP1 expression has been shown to increase in WAT (17) . Inflammation is not induced in such obese conditions, because macrophages significantly infiltrate WAT due to a long-term, several weeks of HFD-feeding (43) . Therefore, the UCP1 expression might be dependent on the duration of HFD feeding, although further investigations are needed.
In the present study, PD98059, an ERK inhibitor, partially abrogated the suppression of UCP1 promoter activation and the luciferase activity derived from a CRE-luciferase reporter plasmid in the TNF-␣-treated 10T1/2 adipocytes. These results suggest that TNF-␣ suppresses the activity of transcriptional factors binding to CREs such as CREB and ATF2 in the UCP1 promoter via ERK activation. Our results in white adipocytes coincide with previous results of brown adipocytes. There is a report that an injection of TNF-␣ suppresses UCP1 expression in BAT (21) . In addition, gene disruption of TNF-␣ receptors reduced the rate of brown adipocyte apoptosis and increased the expression levels of the ␤ 3 -adrenergic receptor and UCP1 in obese mice (25, 28) . In primary culture brown adipocytes, TNF-␣ suppresses UCP1 expression via ERK activation, although p38 is a positive regulator of UCP1 expression (38) and the relationship between UCP1 transcriptional regulation and JNK activation remains controversial (27, 45) . Moreover, a constitutively active form of Ras, an upstream factor of ERK, suppresses mRNA expression levels of UCP1, but dominant interfering Ras causes increased UCP1 expression in brown adipocytes (23) . In our study, PD98059 treatment with TNF-␣ or LPS-CM reverted the suppression of UCP1 mRNA induction, although single PD98059 treatment enhanced ISO-induced UCP1 mRNA expression (Figs. 5E and 6D ). This is because ISO enhanced ERK phosphorylation as well as TNF-␣ and LPS-CM (Fig. 5C) , and PD98059 treatment also inhibited the ISO-induced ERK activation (Fig. 5D) . Together, these data suggest that ERK activation suppresses UCP1 mRNA expression and that ERK activation induced by TNF-␣ or LPS-CM treatment is partially involved in the suppression of UCP1 mRNA induction in 10T1/2 adipocytes. The present study is the first report showing that ERK is involved in the suppression of UCP1 induction in white adipocytes.
In conclusion, inflammation induced by activated RAW macrophages could suppress the induction of UCP1 expression in white adipocytes via ERK activation in 10T1/2 adipocytes. We identified TNF-␣ as a possible proinflammatory cytokine suppressing the UCP1 expression (Fig. 7) . This report suggests a possible mechanism of UCP1 transcriptional suppression in white adipocytes associated with obese and diabetic conditions. Elucidating such a mechanism will provide clues for not only understanding the physiological and pathological regulation of the UCP1 expression in WAT but also developing a new treatment for the decrease in energy expenditure under obese conditions.
